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SPAN LOAD DISTRIBUTION FOR TAPERED WINGS WITH PARTIAL-SPAN FLAPS 

By H. A. Pbabson 



SUMMARY 

Tables are given for determining the load distribution of 
tapered wings with partial-span flaps placed either at the 
center or at the wing tips. Seventy-two wing-flap com- 
binations, including two aspect ratios, four taper ratios, 
and nine flap lengths, are included. The distributions for 
the flapped wing are divided into two parts, one a zero 
lift distribution due primarily to the flaps and the other an 
additional lift distribution due to an angle of attack of the 
wing as a whole. 

Comparisons between theoretical and experimental 
results for wings indicate that the theory may be used to 
predict the load distribution with sufficient accuracy for 
structural purposes. 

Simple computing forms are included for determining, 
by the Lots method, the theoretical loadings for a combina- 
tion of any wing with any flap. A discussion of the 
method is given showing: (1) the effect on the load dis- 
tribution of increasing the number of harmonics for a 
wing with partial-span flaps; and (8) the effect of increas- 
ing the number of points used across the semispan for a 
wing of unfair plan form. 

INTRODUCTION 

A knowledge of the span load distribution over a 
wing is important not only from structural considera- 
tions but also because certain conclusions regarding the 
behavior of the wing near the stall may be drawn from 
it. Indirectly, the span load distribution also influences 
such items relating to performance as the magnitude 
of the induced drag, the pitching moment of the entire 
wing about an aerodynamic center, and the angle of 
zero lift. Because of the importance of span load 
distribution, numerous methods for computing it have 
been proposed but, since they are generally lengthy 
and complicated, they have been little used in practice. 

In reference 1 the span loading was given for linearly 
tapered wings with rounded tips. The results given 
therein cover a large range of aspect ratios and taper 
ratios, but they are for the case of a wing in which there 
is either no twist or only linear twist. Since most 
airplanes include some sort of high-lift or drag-increas- 
ing device covering only part of the span, the wing with 
an abrupt twist is of particular interest. These high- 



lift devices, when deflected, may be considered as 
introducing an effective twist that alters the load 
distribution along the span. As the actual effective 
twist depends upon possible combinations of wing angle 
of attack, flap type, flap deflection, flap span, wing plan 
form, and the variation of the flap-chord ratio along 
the span, it is apparent that the resulting load distri- 
bution depends upon many variables. 

The presence of so many variables precludes the 
possibihty of making either sufficiently extensive theo- 
retical or experimental investigations to provide design 
charts for the general case. The present report there- 
fore covers only the most commonly used series of 
wings; i. e., linearly tapered wings with rounded tips 
having chord distributions like those of reference 1 and 
equipped with partial-span flaps of constant flap-ohord 
ratio. Comparisons are made of the experimental load- 
ings, taken from reference 2, and the theoretical loadings 
to give an indication of the differences to be expected 
when the theory is used. Finally, a method for com- 
puting the span loading is included so that those 
interested will be in a position either to estimate from 
the results given herein the probable loading for similar 
cases or, if necessary, actually to make the computa- 
tions. 

Although the present report presents only the span 
loadings, later reports will deal with the effect of the 
load distribution on performance and on the behavior 
of the wing near the stall. 

SYMBOLS 

b f) flap span. 
b w , wing span. 
S, wing area. 
A, aspect ratio, bJ/S. 
S f} flap deflection, positive downward. 
V, wind velocity. 
p, mass density of air. 

g, dynamic pressure, ^pV 2 - 

w, induced downflow at a section. 
L, lift on wing. 
C L , wing lift coefficient, LjqS. 
c„ chord at plane of symmetry, 
c, chord at any section. 
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ao, effective angle of attack of any section. 

a a , angle of attack of any section referred to 
its zero-lift direction. 

a„ angle of attack of section at plane of 
symmetry referred to its zero-lift direc- 
tion. 

X, ratio of fictitious tip chord, obtained by 
extending leading and trailing edges of 
wing to extreme tip, to the chord at the 
plane of symmetry. 
E, ratio of flap chord to wing chord at any 

section, 
r, circulation at a section. 
I, section lift (per unit length along span). 
c t , section lift coefficient, l/gc, perpendicular to 
wind at infinity. 
Subscripts: 

0, refers to section lift coefficient 
perpendicular to local relative 
wind. 

6, refers to basic lift (C L =0). 

a, refers to additional lift for any G L . 

al, refers to additional lift for C L =1.Q. 

Cj^, maximum lift coefficient for any section. 

Aci, increment in section lift coefficient caused 

by a flap deflection, 5 f . 

c i{ , section induced-drag coefficient. 

c,!,,, section profile-drag coefficient. 

• cb 
L tt , additional-load parameter, Ci^-g- 

L t , basic-load parameter, c tt ^ • 

m, of entire wing, per radian. 

mo, ^of any section, per radian. 

m " 5at°* sec ** on a * Pk* 116 °f symmetry, per 
radian. 

AO L} the part of G L at a given wing attitude due 

to any flap deflection. 
A<7 £l , the increment caused by a flap deflection 
corresponding to a Ac t of 1.0. 
y, variable point along span. 
y", fixed point along span. 

cos 6, (when y=—b a /2, 0=0; when y=b„/2, 

0=ir). 

A n , B n , Cm, coefficients in Fourier series. 
THEORETICAL RESULTS FOR WINGS WITH FLAPS 

According to the assumptions upon which wing 
theory is based, the distribution of lift over the span 
is a linear function of the angle of attack at each point 
of the span. Thus it is permissible to compute sepa- 
rately either a zero lift distribution or a distribution 
due only to the flaps and later to superpose them on 



appropriate distributions due to an angle of attack of 
the wing with flaps neutral. 

Deflecting flaps on an untwisted wing that previously 
was at zero lift produces the angle of attack and load 
distributions shown by the solid lines in figure 1. If 
the angle of attack of the wing without flaps is reduced 
so that the area under the dashed load curve is equal to 
that under the solid curve, their addition will result in 
a zero-lift curve. It can be seen that the load distri- 
bution due to the flap alone (solid curve) does not follow 
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Fiotoe 1.— Angle of attack and load distribution {or a wins with flaps. 

the abrupt augle-of-attack change but, owing to in- 
duction, is distributed along the remainder of the span 
where there is no apparent angle of attack. At these 
stations there is, however, an effective angle of attack 
due to the upwash produced by the portion with flaps. 
Numerically the effective angle of attack at any section 
is equal to the section Cj divided by the slope of the 
section lift curve, or it can be given by 

ao=aa— y (1) 

In order to determine the theoretical distribution of 
the forces and angles for a particular case, it is necessary 
to obtain a solution of the fundamental formula for 
induced downflow 




The graphical and analytical methods for solving 
this complicated integral tend to be lengthy and none 
is exact. In the general case where the wing plan 
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form or angle-of-attack distribution c ann ot be expressed 
as simple analytical functions, either the Lotz or Ldp- 
pisch methods (references 3 and 4) are particularly 
applicable, although other methods may be used. An 
adaptation of the Lotz method, which has been used to 
compute the theoretical load distributions given herein, 
is given in a later section of this report in a form suitable 
for routine computation. These load distributions are 
listed in tables I and LT for 72 wing-flap combinations 
that include two aspect ratios (6 and 10), four taper 
ratios (1.0, 0.75, 0.50, and 0.25), and nine flap lengths. 
The flap lengths, expressed as a fraction of the semi- 



span, are: 



Flaps at 
center 
0. 233 
.383 
.649 
.760 
1.000 



Flaps at 
tip 
0. 240 
.351 
.617 
.767 



Table I gives the ordinates of the curves of the addi- 
tional load distribution at 10 selected spanwise stations 
in terms of the parameter 

cb 



L a =c 



(3) 



and table II gives the ordinates for the basic-load 
distribution in terms of the parameter 



L b = C; b 



cb 



(4) 



The additional-load distribution, given for a wing C L 
of 1.0, is independent of wing twist (flap displacement) 
and maintains the same form throughout the useful 
range of the lift curve. The basic distributions are 
zero lift distributions that depend principally on the 
wing twist. 

The values of L a -and L 6 were computed by the Lotz 
method; 10 points across the semispan were used and 
10 harmonics of the series were retained. In these 
computations the slope of the section lift curve was 
assumed to be equal to 5.67. The odd flap lengths 
given result from the use of a Fourier series in the solu- 
tion for the load curves; in the case of a wing with an 
abrupt twist the discontinuity occurs, mathematically, 
in the interval including the end of the flap. 

Since the parameter L a has been given for the con- 
venient wing G L of 1.0, the relation between the addi- 
tional section lift coefficients and c tal becomes 

Cx^dfii^ (5) 

The total lift coefficient at each section is 

c I =c, 6 +<7 z ,c, al (6) 

and the lift at a section is 

l=c#c (7) 



In the application of the results given in tables I 
and LT, interpolation will generally be necessary. For 
structural purposes a linear interpolation between the 
different variables is probably justified. The results 
may also be extrapolated with reasonable accuracy to 
aspect ratios 4 and 12, although values of L a may be 
obtained from reference 1 for aspect ratios from 3 to 20 
without the necessity of any extrapolation. 
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Fioube 2.— Typloal characteristics of a section equipped with a flap. 

In order to illustrate the procedure to be followed in 
the use of the tables, the span loading of a wing with 
the following characteristics will be found: 
<7i=1.72 
X=0.625 

b„ 

2=57.5 pounds per square foot 
#=0.20 
8/= 30° 

A table, such as table LLT, is prepared in which the 
values of the chord at the various stations are first 
entered, interpolations are made for taper, etc., and the 
values of L a and jL\ from tables I and LI are entered in 
columns 3 and 4, respectively. From L a , the values of 
c J(J1 and Ci a are found by the use of equations (3) and (5) 
and entered in col umns 5 and 6. 

Before c tb can be found, however, it is necessary to 
determine from experimental data the value of Ac t 
corresponding to the flap-displacement angle of 30°. 
This increment is generally found by correcting the 
results of tests made of a finite wing with full-span 
flaps of proper type and proper flap-chord ratio to 
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obtain section characteristics. It is assumed that such 
section characteristics are available (fig. 2) ; the value of 
Ac, to be used may then readily be found. Theoretically, 



7 a 

Aspect ratio, A 



10 




.4 .6 .8 1.0 

Flap span, bf/by, 
Fiqdbe 3.— Values of lift Increments and Hf t-curre slopes for wings with partial-span 

flaps. 

the effect of displacing a flap would be to displace the 
lift curves parallel to each other so that Ac, would be 
independent of the effective angle of attack. Experi- 



mental results, however, indicate that Ac, depends on 
the effective angle of attack and some averaging is thus 
necessary to determine its value. Since the example is 
for a high-angle-of-attack condition, the value of Ac, 
is arbitrarily taken in this range at an angle correspond- 
ing to a c, of 1.2 for tbe plain section. By the use of 
equation (4) together with a value of Ac, equal to 0.6, 
from figure 2, the values of Ci b are computed and entered 
in column 7 of table ILL The total section c, (column 
8), from which the load distribution (column 9) is 
determined, is the sum of columns 6 and 7. 

Standard section characteristics for the plain section 
and the section with a flap are sometimes tabulated in- 
stead of being plotted as in figure 2. In such a case the 
value of Ac, may be found from the formula 

Ac,=c, / ^l-22j+a 0 (««b- a 'o / ) 

where is the slope of the section lift curve per degree 
and aj 0 the angle of zero lift measured from the chord 
line in degrees. The subscript / refers to the character- 
istics with the flap deflected. If desired, the slopes and 
angles could also be given in radians. 

If the induced-drag distribution corresponding to a 
given load distribution is specifically required, it may be 
found by the use of the equation 

which gives the variation of the section induced-drag 
coefficient over the portion of the span without flaps, 
and the equation 

[ (^"tf^' ) 1 Cm"'')] (9) 

which holds over the portion of the span with flaps. The 
increment of wing lift coefficient AG^ and the slope of 
the lift curve of the finite wing m to be used in these 
equations are given in figure 3 for the series of wings con- 
sidered in this report. The value of AC^ (fig. 3) repre- 
sents the increase in lift coefficient based on the entire 
wing area due to a flap deflection corresponding to a Ac, 

cb 

of T.O. Figure 4 gives typical distributions of c t -g and 

c, for various wing-flap combinations corresponding 
to a Ac, of 1.0. These distributions are thus directly 
related to the results given in figure 3. 

COMPARISONS OF EXPERIMENTAL AND THEORETICAL 
RESULTS 

Previous comparisons (reference 5) of experimental 
and theoretical span loadings for a 2:1 tapered U. S. A. 
airfoil equipped with partial-span flaps of three different 
lengths indicated a satisfactory agreement. The first 
conclusion given in reference 5 is: "A satisfactory de- 
teiruination, for all conditions of test, of the span load 
distribution for an airfoil equipped with a partial-span 
split flap may be made by applying the Lotz method of 



c di =c. 
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calculating the aerodynamic characteristics of wings. 
The increments of load due to the deflection of the flap 
are computed by the Lotz method and added to the 
span load distribution for the plain airfoil." 

Since the publication of reference 5 additional pres- 
sure-distribution tests (reference 2) have been made 
over a rectangular wing having a 0.6-span constant- 
chord split flap. The wing used was of Clark T section 
with a 20-inch chord and a total span of 120 inches. 
Some of the span-loading curves taken from reference 2 
are compared, in figure 5, with corresponding theoretical 
curves for a wing with square tips. 



section the method will be discussed in more detail and 
a series of computing forms will be given which, it is 
believed, will make the computations simpler and more 
direct than if the method of reference 8 were followed. 

Outline of theory. — As is customary in aerodynamic 
theory, the wing is replaced by a single line vortex whose 
strength at every section along the span is equal to the 
circulation T at that section. The lift per unit length 
of span is then 

dL= P VTdy (10) 
and the problem is to find V for any point on a wing of 
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Fiqure 4. — Typical distributions of a -g and cj doe to a flap deflection. W=6; /S«i=1.0.) 



Figure 6 shows comparisons of computed and experi- 
mental values of AO L for various flap locations. The 
experimental values of AC L are those given in refer- 
ences 6 and 7 at 8° angle of attack. Reference 6 gives 
the results of force tests of a rectangular Clark T wing 
with partial-span flaps placed at the center and at the 
wing tips; reference 7 gives similar results for a 5:1 
tapered wing. In the comparisons given in figure 6 the 
experimental results were obtained from tests of wings 
with straight tips; whereas the computed results are 
those for wings with rounded tips. 

THE LOTZ METHOD FOR CALCULATING THE 
AERODYNAMIC CHARACTERISTICS OF WINGS 

The following method was proposed in 1931 by Miss 
Lotz (reference 3), who gave the basic theory involved. 
Shenstone (reference 8) gave a brief discussion of the 
method and a simple procedure to be used in obtaining 
the various constants required in the solution. In this 



any shape. The relations between r, c { , and ao are 
given by the equations 



v __ cfiV _ a 1> m f fiV 
2 2 



(11) 



where ao=aa— wjV. Since the induced angle at a 
particular station y' is 



(12) 



the circulation r may be expressed by the integral 
equation 




b 

dy d 
y'—y 



(13) 
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A B C 

2PtAi+(.Ci-CdAi+(.Ct-Cs)As+(.Ct-Ci)Ar <Ct-C,o)Ar -(Ge-Ca)An+(Ca-Gt)Au+(Gi-Gi)Au- «ht-Cii)An+(C,t-Ca)Ai,' 
(Ci-CdAi+2PiArHCt-Ci)Ai+(C,-Ca)Ai- -(G-C^Ar -(Cs -GdAu+(Gt-Gi)An+(Ca-Gi>A a - -(.Gt-CzdAirHGt-GdAn. 
(C,-d)Ai+(C,-Ci)A,+2P t A,+<.C,-CriAr -(G-GOAr <Ct -GtDA u +(C, -Ou)Aa+lCu-On)Aa- <Ca-Gt)An+(Gi-G^Aa' 
(Ce-C,)Ai+(C i -Cu l )A,+(Ci-CudA,+2P J Ar- <G-GdAr <C, -GdAu+iG -Ga)Aa+(C, -Cb)X„- -(Go-GdA,7+(Gi-GdA a * 
(Ct-Go)Ai+lG-Ca)Ai+(G-GdAi+(C^Gt)Ai+2PtAt- (Ct -Cri)A u +(Ct -Cn)Au+(Ci -GdAa 

(Ca-Cu)Ai+iCn-Cu)Ai+(Cs-C,tiAi+(Ck-CrtAMC,-O l dA<ri-(a-CWAu+2^^ 

(Cu- GHA\-\-(.Gt- GiAj+f.Gt- C^As+iCt-Ctd ArHCe- Cti)A,+(Ck-Gi)An+(Ct- Gx)Ab+2PuA u +(G - Ou)An+(Ct -CW^Ih- 



(Ci -Cn)Aa+(Cm-Ca)Av)- 
(Ci -On)An+(.Ct -GdAv,. 



(Cii-CiOAi+(CH-e^,MKeu-<^i»+(C,o-Cjd^ 
(Cii-CioMiWiir-eiiMrt-Wi-ftd^ 



2B, 
2Si 
•2Bj 
•2Bj 
•2J3j 
•2Bu 
,2Bu 
2Bu 
2B,7 
2B» 



(19) 



These equations form a system of normal simultaneous 
equations, and it will be seen later that in the nth 
equation the unknown A„ has the greatest coefficient, 
the others decreasing rather rapidly. Because of this 
circumstance, the system is most easily solved by a 
method of successive approximations. 

In the first equation, since the value of all the terms 
is small compared with Pi A u an approximation to A t 
is obtained by assuming all terms except Ai equal to 
zero. Then in the next equation, since P 3 A 3 is large 
with respect to all terms except (<7 2 — Oi) A u which is 
know, an approximation to A 3 is obtained by assum- 
ing the remaining terms equal to zero. Thus by the 
substitution of the approximated values in the other 
equations, approximate values of the remaining coeffi- 
cients are obtained which, when substituted back in 
the first equation, result in a closer approximation for 
Ai. A repetition results in closer approximations for 
all the coefficients. In this way the process can be 
carried on until the approximations of the coefficients 
cease to differ. Usually the second approximation is 
fairly close, and the third may be considered as exact. 
(See illustrative example.) 

Forms for computing B x and C in coefficients. — Before 
the system of simultaneous equations (19) can be solved, 
the B n and C 2n coefficients must be found. Forms for 
determining these coefficients are given by plates I to 
IV, inclusive. Plates I and II are for the case when 
the circulation is to be determined at 10 points across 
the semispan and plates III and IV are for 20 points. 

It is only necessary to tabulate on each of the forms 
the values of y n and y„' and to follow the steps indi- 
cated. The values of y n are the ordinates for the a sin 0 
curves taken either every 9° or 4%° (starting with the 
tip as zero), depending upon whether 10 or 20 points 
are used. The values of y n ' are the ordinates of the 

— 1 — sin 8 curves taken at the same intervals as before, 
ttio c 

The checks indicated at the bottoms of these forms 
merely serve as checks of the numerical work performed 
on that sheet and, if only a few harmonics are to be 
retained, the arithmetic may be decreased by comput- 
ing only the coefficients necessary and omitting the 
checks. 

38548— 3S 15 



Number of harmonics or points to be retained. — In 
the series of simultaneous equations given by equation 
(19) the question naturally arises as to how many 
equations should be used and how many points across 
the semispan are required. The system shown is for 
10 points, but it may easily be extended to more than 
10 points by following the indicated trend. In the 
case given (equation (19)), the conditions are satisfied 
at only 10 points when the whole system of equations 
is solved simultaneously; if the system is cut off, as at 
A, B, or C, where 4, 5, and 8 harmonics are retained, 
the circulation may still be found at 10 points but with 
a greater degree of approximation. 
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Figube 7.— Effect of the number or harmonics on the span of ci distribution of a 
wing without flaps. (Angle of attack, a, 1 radian.) 

As a criterion for gaging the number of harmonics 
to be retained, the span c x distribution has been com- 
puted (fig. 7) for an untwisted rectangular wing 
(straight tips) of aspect ratio 6 at 1 radian angle of 
attack, using 4, 6, and 10 harmonics. The calcula- 
tions were repeated (fig. 8) for the same wing with a 

^=0.649 flap extending out from the center. The 
o a 

angle of attack for the portion with flap is 1 radian 
and that of the remainder of the wing is zero. In 
both cases 10 points have been used across the semi- 
span. The A n , or circulation, coefficients from which 
the distributions of figures 7 and 8 were computed 
are given in table IV. In figure 9 the distribution 
has been computed for a wing with double taper. 
Distributions are given for the case using 10 points 
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and retaining 4 and 10 harmonics of the series and 
also for the case •with 20 points and 4 harmonics. For 
convenience the distributions have been computed for 
an untwisted wing at an angle of attack of 1 radian. 

Example. — In order to illustrate the method of 
calculating the wing characteristics, an example for a 
wing with partial-span flaps is worked through the 
forms to determine the B n and C 2H coefficients. The 
calculations are made for one of the wing shapes 
given in this report (X=0.50, A=10, 6 / /6„=0.489) at 
an angle of attack of 1 radian from 0 to 0.489 and 0 
from 0.489 to 1.0. The additional types of forms and 
tables necessary to compute the load distribution for 
a given case are also included. 

Table V is a tabulation of the known geometric 
quantities of the wing for which the load distribution 
is desired. Column 1 of this table merely designates 
the points along the span, the numbers increasing 
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Fioube 8.— Effect of the number of harmonics on the span ci distribution of a wins 
with flaps. (Angle of attack, 1 radian from 0 to 0.649 and 0 from 0.649 to 1.000.) 

numerically from the wing tip; column 5 represents 
the angle of attack measured from zero lift at the 
points along the span given in column 2. "Where an 
abrupt twist exists, the discontinuity will fall within 
the portions of the span given in column 2. The final 
computations, however, will be for the case of a flap 
whose end lies halfway between these points. Because 
of this fact a slight discrepancy in length may occur, 
which can be reduced by increasing the number of 
points. In the present case only the distribution due 
to the flaps is found. In order to obtain a complete 
determination of the distribution at other flap angles 
and wing angles, it would also be necessary to find the 
distribution corresponding to the plain wing. For this 
case the Cj» coefficients remain unchanged and Bi=a„ 
all other B n values being zero. Column 7 is the slope 
of the section lift curves along the span which, in 
this case, is assumed as 5.67. Column 8 is the ratio 
of the slope of the section at the plane of symmetry 
to the slopes of the sections at each station. Column 
9 is the ratio of the chord at the plane of symmetry 
to the chord at each section. 

The values of columns 6 and 10 (y n and y») are 
then tabulated as shown in table VI and the instruc- 
tions of plates I and II, or of plates m and IV as in 



the present example, are followed until the B n and & n 
coefficients are found. If this method were used and 
only four harmonics were to be retained, it would be 
only necessary to compute Bi to B 7 and O 0 to Ou (see 
A, equation (19)); computing the remaining coeffi- 
cients would be necessary only to obtain the check. 
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Tiqvke 9.— Effect of the number of points and harmonics on the span ci distribution 
for a wing with double taper. 

A calculating form similar to table VH is then pre- 
pared. This form, as given, is complete for the case 
of 10 harmonics irrespective of the number of points. 
It will be noted that each major horizontal division 
represents one of the simultaneous equations occurring 
in equation (19). In column 1 of table VUL are given 
the operations required to obtain the coefficients and 
in column 2 are tabulated the values of the coefficients, 
etc., just found. In col umn 3 (a) are listed the values 
of the An coefficients when they are known. Since 
none are known at the start, is determined as though 
the others were absent and listed in column 4 (a). The 
value of A 3 is next approximated in the same way, 
except that the value of A\ just found is used as in- 
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dicated. The same procedure is followed for A*, A 7 , 
etc., and these values are listed in column 4 (a). After 
all the A„'s hare been approximated in this way, they 
are written in column 3 (b) and the whole process 
repeated, using the latest approximated value for each 
coefficient as it appears. It can be seen that the 
third approximation shows very little change from the 
second, indicating that a solution has been obtained. 
If it is desired to 'use fewer equations and harmonics, 
the corresponding computing form can be obtained 
from the present table VJLL simply by omitting all 
computations dealing with the higher harmonics. Thus 
if four harmonics were retained only portions of the 
form between the braces would be retained and the 
computations would proceed as before. 

It will be noted, in the present example, that, although 
the B n and C in coefficients were determined for 20 
points, it is not necessary that Cj be computed for every 
point to obtain the final load curve. Even though the 
computations of the load distribution may be some- 
what shortened in this manner, the value of c t should 
not be computed at points other than those first selected. 

An exarnination of equation (19) will indicate that, 
if n harmonics are retained, n values of B and 2n 
values of O are required. Hence, if it were decided to 
use 10 harmonics and compute the circulation at 10 
points, the B n and O in values can be determined for 
20 points and the process shortened as indicated, or 
the B n coefficients could be determined from plate I 
and the O iH coefficients from plate IV. 

After the A n coefficients have been determined, the 
d values (in the present case c ( =c {(i ) are found from 

c -VMixA % sin nd (20) 
c 

These computations for c t are given in table VIII for 
only 10 points. The wing 0 L is found from 

C L =*A^A 1 (21) 

When this value is known, the distribution at any other 
0 L is obtained by direct proportion. 

If desired, the induced-drag distribution may also 
bo computed by using the A n coefficients 

as shown in table VULL; however, an easier method 
would be to compute it at each point from the equation 

C « =C < (23) 
DISCUSSION 

Although the computed span-loading curves show a 
qualitative agreement with the experimental wing 
curves (fig. 5), it is not so good as might be inferred 



from the results for the 2:1 tapered wing of reference 5. 
In the present comparison, however, the disagreement 
at the tip may be somewhat discounted since the square 
tip on a rectangular wing is known to give a high tip 
load. Comparisons of experimental and theoretical 
distributions for plain wings have indicated better 
agreement either as the tip was rounded or as the value 
of X was decreased. 

Bib-pressure curves taken from reference 2 (fig. 10) 
show a drop in positive pressure near the trailing edge 
for a section just beyond the end of the flap. This loss 
in lift may partly account for the fact that the exper- 
imental distributions give sharper breaks than the cor- 
responding computed curves. An improvement in the 
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Fioube la— Bib pressure distribution on a. Clark Y ■wing with a partial-span split 
flap. (Heforence 2; a~16°; J/-46°.) 

agreement at the end of the flap may also be obtained 
by using more points and more harmonics in the series 
for deriving the theoretical distributions. 

For the rest of the span the agreement between the 
computed and experimental curves would have been 
slightly improved if jet-boundary corrections had been 
applied to the data of reference 5. This correction, 
which varies along the wing span, would effect a better 
agreement in the present case. 

The number of harmonics to be used in computing 
the span loaciing depends both on the wing plan form 
and on the type of wing twist. For wings with a con- 
tinuous taper and twist, four harmonics may be suffi- 
cient (fig. 7); whereas, for wings with either a sharp 
double taper or a discontinuous twist, it may be neces- 
sary to increase the number of harmonics and points 
(figs. 8 and 9), depending, of course, upon the desired 
accuracy. 

Although the data given herein are intended primarily 
for structural purposes, they may also be useful in rela- 
tion to the stalling of tapered wings with flaps. When a 
partial-span flap is deflected, there is an increase in 
effective angle of attack and in the value of for 
the sections with the flap; whereas, for the sections 
beyond the flap, the effective angle of attack is theoret- 
ically increased without any increase in the value of 
c *«ix- Thus, according to lifting-line theory, the tip- 
stalling tendency of the tapered wing should be aug- 
mented by the use of flaps that extend out from the 
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center, while the center-stalling tendency of the rec- 
tangular -wing should be increased by flaps at the tips. 

Experimental results from reference 2 (fig. 11), how- 
ever, indicate that the pitching-moment coefficient (or 
effective camber) of sections considerably beyond the 
flap are actually increased by a flap deflection. This 
increase may prevent these outboard sections from 
stalling as early as would be indicated by the use of 
lifting-line theory. Furthermore, since theory neglects 
any transverse flow, any stalling characteristics based 
upon it may be at best only qualitatively correct. 
This statement is particularly true of a wing with a 
partial-span flap, where a relatively large transverse 
flow exists owing to the abrupt change in lift distribu- 
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Fiqube 11.— Increment of pitching moment A«m«/i caused by deflecting a 0.6-span 
split flap on a rectangular Clark Y wing (reference 2). 

tion produced by the flap. Lachmann's tests (refer- 
ence 9), in which the action of wool tufts was observed, 
seem to indicate that the transverse flow delays the 
stall of sections immediately adjacent to the flap, thus 
causing the initial stalling point to move outward away 
from the flap end. 

In regard to the application of the calculations to 
structural design, fore-and-aft forces as well as vertical 
forces must be taken into account. An examination 
of equation (8) indicates that when AO Ll Ac, is equal 
to G L (case given by solid lines in fig. 1) the portion 
of the wing without flaps has its lift vector displaced 
forward owing to the upflow produced by the flapped 
part. This forward component may be large enough 
to cancel the profile drag. Thus, for a wing with flaps 
at the center, the drag force is concentrated over the 
flap portion, and there may be an antidrag force over 
the outer portion of the wing. Hence, in design these 
conditions should be taken into account in some 
rational manner. 



For structural purposes the c ( values obtained by use 
of tables I and H, or by computations, may be con- 
sidered equal to c^, the lift coefficient perpendicular 
to the local relative wind. The values of C; 0 and c io> 
which are perpendicular and parallel to the local rela- 
tive wind, may then be resolved into either chord and 
beam or any other directions; the fore-and-aft loads 
are thus obtained without the explicit use of a section 
induced drag. The angle that the local relative wind 
makes with the zero-lift direction is obtained by divid- 
ing by mo. In actual practice a portion of the wing 
is intercepted by the fuselage so that the actual span 
load distribution may be modified, depending upon 
whether or not the fuselage carries its proportionate 
share of the load. As so few data on fuselage loads 
are at present available, it may be assumed that for 
conventional cases the fuselage carries an amount of 
load equal to the load that would be carried by the 
wing it displaces. 



Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., November 21, 19S6. 
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PLATE I.— COMPUTING FORM FOR EVALUATING ANGLE COEFFICIENTS, B n 

10 POINTS 



n vi n vt vi w n vt vt X»io 

n+jfj-n-n+w-ri vt-vt+Hvu-Ti 



Multiply 


by 


Sin 9=0.1664 


ft 




-» 








-ft 




ft 




Sin 18-0.3090. 




ft 




Vt 








Vt 




ft 


Sin 27-0. 4640 


ft 


Vi 






-Vt 


-ft 




Sin 30-0. 5878 


ft 


-Vt 








Vt 


-ft 


Sin 46-0.7071 


» 




ft 




Tl 




-Vi 




n 




Sin 64=0.8090.._ 




Vt 




Vt 








Vt 




ft 


SIn63=0.8910.._ 


ft 




-Vt 








Vt 




-ft 




Sin 72=0. 9511 




Vt 




Vl 




-Si 


-ft 


Sin 81-0. 9877 


Vt 


Vt 




tl 


ft 




Sin 90-1.0000 




VOlt 


-Hue 


Ti 




Hftt 
























Sum coL 2. 






















CoL 1+col. 2 




-6Bi 




-EBi 




-SB, 




-6Bi 




=6Bj 


CoL 1-col. 2 




-6B 19 




-6B,i 




-EB„ 




=6Bn 




-6B„ 



Check: Bi-Bj+Bi-Brt-Be-Bu+Bii-Bu+BiT-Bu-jFio. 
Note.— If eu is constant along the span, B,-a. and Bi to B« areO. 

PLATE II. — COMPUTING FORM FOR EVALUATING PLAN FORM COEFFICIENTS, ft, 

10 POINTS 







n' 






Vi 


CO 




ti 




ft' 


Vi" 


V< 




rj 




rj 


CO 




a 


Vt 




n 


Po 


Pi 


Pa 


.100 








un 






ti 





10 C -Po+Pi+P! 
6 ClU—VOt— Ol+ttl 

10 Cn-s«-?i+4i 



MnlUply 


by 


Sin 18-0-3090 


«■« 




tt 


Pi 


-tn 


Pi 


-ti 


Sin 30=0.6878 




wj 






Wt 






Sin 64=0.8090„ 


Wt 




tt 


-Pi 


-Wl 


-Pi 


-51 


Sin 72-0.9611 




u>, 






— Wt 






Sin 90=1.00000 


wt 




tt 


PO 


Wo 


PO 


jo 


Sum col. St 

Ool. 1+col. 2. 

Col.l-col.2. 


-BCi 
=6Cii 


=6Q 


-6C. 


=5C. 
-6C,i 


-fiCi 


=SCu 



Check: Co+Ci+Cr+ft+Crf Co+CiH-Cli+C.H-at+Cio-O. 
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PLATE m. — COMPUTING FORM FOR EVALUATING ANGLE COEFFICIENTS, B„ 



Pi Vs Si 



20 POINTS 

Pi» Pu in 

Si+Sj— St— PiH-Pii— Ti 
PrJ-Pi— Pio— Pm+Pii — n 
P»+Pi— tu— Pu+Pn- rj 
Pi-Pu+MPio -n 



pu Ph Pii Pii Pn Pii Pn J4p» 



Multiply 



Sin 4.5=00788 

Sin 9.0-0. 1664 

Sin 13^=0. 2334 

Sin 18.0-0.3090 

Sin 22J»0. 3827 

Sin 27.0- 0.4640 

Sin 31.5-0. 5225_ 

Sin 38.0-0. 5878 

8tn 40.5=0. 6494 

Sin 45.0=0. 7071 

Sin 49.5- 0. 7604 



Sin 64^=0.8090 

8tn8&£-0.8626__— 



Sin 63.0=0. 8910 

8In 67.5-0.9239 

Sin 72.0=09511 

Sin 76J-0.9724 

8 In 81.0=0. 9877 

Sin 85.6-0.9969 

8In90.0=L0000_ 

Sam col. l 

Sum col. 2 . 

Col. l+ool. 2 

CoL 1-coL 2 



by 


Pi 










FIT 




Vt 




■11 




_ 






Vi 




-"Pit 






















PJ 




Vu 














Pn 




Pi 






*~ PH 


Pi 




















---- 








VI 






711 




Vn 




PT 




tf* 






pu 




Pit 


Vi 


7b 




vn 


wi 




— ffi 

V* 


»» 


— Pis 




— flu 




















Vi 




VH 




T"l 


Vi 




Vi 




Pll 




Vu 






Pi 




- "Pii 




St 




pi 






-Sit 




-Su 




-Sll 




-p« 






« 


P« 

Pii 


Pr 


Vu 







Vi 


— Pit 


Vi 


Vn 




— Pi 




PJ 




—Vn- 






Vu 




-st 




Vt 










pu 


-Pi 




















Pi 




Vi 






-vi 




Pi 




-9n 




Vn 






-Pw 




-Pit 






















Pto 




Sin 


rs 




— Sl0 




Sis 




Pio 




— Pio 


ri 




Pio 


Pio 


Pu 




-Pit 






Vtt 




Pl9 




Vi 




Vt 






-tt 




W 
























Su 




Si 






Si 




Pu 




-PB 










-Pi 


-Pu 


Vn 




Vi 










m 




Pit 




Pi 






Sn 




-PI 






















Su 




-Sit 






tt 




-P« 




-Vt 




Pi 






-Fll 


Pit 






















Vis 




Vi 




Ti 


Vi* 




~v& 




-Pj 




-Vi 




ri 


Sll 




Pi 




Su 




SI 






-St 




-Su 




VU 




fl 






-Pi 


-Pu 




















PlT 




-Pt9 






-v* 




-Vi 




-Pu 




-Vn 






Si 




-Pi 


























Su 




St 






Su 




9* 




Si 




Sll 






P« 


Ptl 


Vl% 




VJ 






Vi 




Vn 




P» 




-Pit 






-So 




Pi 
-HP» 


Mp*. 




Ti 


-Hp» 




-Hp» 


Xtu 




Mp» 




10B, 




IOBi 


lOBj 




10B, 




10B) 




10B„ 




lOBa 


lOBu 




IOBi: 


lOBu 




10B» 




lOBn 


lOBo 




lOBu 




lOBo 




10B» 




IOBjj 


lOBu 




10B» 


lOBn 



Check: Bi-Bi+Bj-Brr-Sg- ~ -f- ... Bu-Pu- 
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PLATE IV— COMPUTING FORM FOR EVALUATING PLAN FORM COEFFICIENTS, C, n 

20 POINTS 





ifai 


& 


thi 


Pit* 


Vii 


Vi 
ffi/ 


Vi 

mi 


t> 




Vi 
Vli 


ffio' 






Pl 


pi 


cj 


V 


pi 


P» 


P7 


P» 


Pl 


PlO 
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tPl 


«pj 
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Wl 


wi 
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Wl 
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pi 


pi 


p< 


Pi 




Po 


Pl 


Pl • 






010 


P» 


r« 


ft 


Pl 






Pl 


Pi 


Pa 




Sum 

Difference — 


... po 

—so 


Pi 
?t 


Pi 


Pl 
to 


Pl 


Pi 




ro 

JO 


ri 

»i 
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«i 





20 Co =po+Pi4-pt-H>rH)i+Pi 

10 Cio=V2?ifi— tot— io»+tPrH(H)+tPo— ifi+wi 

10 Ca-qa-grHt 

10 C10-V2T— wHmoi+wi— wj-wO+Wo-ku+wi 
20 «o-po-Pi+Pi-pi-f-pi-Pi 



Multiply 


by 


SlQ 9=0.1664 

Bin 18-0.3090. 

Sin 27-0.4510 — 


too 

toi 

107 

Wl 

Wl 

w t 

wi 

tot 

Wl 

wo 


a 


Wl 

-w, 

—wi 

Wl 

-u, 

— Wl 

—un 

Wo 




W7 

-Wt 

10, 

-m 

10J 

— IP» 

-to» 
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-101 
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-Wl 

-w» 

toi 
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-to; 

-101 
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to 

-«i 


to 
»i 


ri 
— n 


-»i 
— 11 


n 
-ri 


Sin 36=0.6878.. 

Sin 46=0.7071 — 

Sin 54=0.8090 

Sin 63=0.8910 — 


a 

to 

So 


Bin 72=0.9511 

Sin 81-0.9877 

Bin 90-1.0000 


-to 

to 


so 


n> 


to 


ro 


IOCi 
lOCa 


IOCi 
IOCk 


10c, 

lOCu 


lOCu 
100a 


IOC 


lOCu 
10C» 


IOCi 


10C,» 


lOCu 


lOCu 























ObeclK Ct+Ci+C(....Cn=0. 



TABLE I. — VALUES OF L a FOR TAPERED WINGS WITH ROUNDED TIPS 











A 


=6 












X-10 




0 


0.15 


0.30 


0.46 


0.60 


0.70 


0-80 


0.90 


a 96 


0.975 


0 


a 16 


0.30 


a 46 


0.60 


0.70 


0,80 


ago 


0.95 


0.975 


V 


1.00 
.75 
.50 
.25 


L164 
1.217 
1.291 
1.392 


1.163 
1.201 
1.263 
1.349 


L141 
1.167 
L191 
1.243 


L115 
LU2 
1.107 
1.118 


L050 
1.026 
.995 
.954 


a987 
.963 
.908 
.841 


0.870 
.840 
.789 
.709 


a 669 
.648 
.607 
.621 


a486 
.468 
.447 
.386 


0.358 
.340 
.819 
.288 


1.116 
1.194 
L292 
1.424 


LIU 
L179 
L257 
L36S 


L106 
L140 
L184 
L247 


L090 
L089 
L093 
L104 


L052 
L020 
.982 
.940 


LOU 
.964 
.903 
.823 


0.929 
.875 
.800 
.695 


a 757 
.no 

.648 
.628 


0.672 
.536 
.492 
.407 


a 433 
.396 
.367 
.308 


LOO 
.75 
.50 
.25 



TABLE II. — VALUES OF L b FOR TAPEEED WINGS WITH ROUNDED TIPS 
[Valves of Lt given for Daps at center. Reverse signs when using for flaps at Hps] 



Flaps at center 



A*=6 




0 


0.16 


0.30 


a 45 


0.60 


0.70 


0.80 


0.90 


0.86 



0. 975 



A~10 



0.16 


0.30 


0.46 


0.60 


0.70 


0.80 


0.90 


0.95 


0.976 




X-1.00 



0.233 



.649 
.760 



0.400 
.361 
.193 
.110 



0.333 
.334 
.189 
.109 



-0.003 



.169 
.100 



-0.117 
-. 113 
.133 
.093 



-0.U1] 
-.231 
.008 
.060 



-0. 156 
-.236 
-.351 
-.013 



-0.145 
-.227 
-.313 
-.266 



-0.116 
-. 186 
-.275 



-0.085 
-.139 
-.309 
-.330 



-0.061 
-.100 
-.187 
-.171 



0,487 
.423 
.232 
.160 



0.415 
.405 
.229 
.147 



-0.023 
.306 
.211 
.137 



-0.148 
-.146 
.178 
.117 



-0. 173 
-.266 
.033 
.081 



-0. 181 
-.283 
-. 317 
.001 



-a 170 
-.277 
-.403 
-.340 



-0.140 
-.231 
-.360 



-0.107 
-. 176 
-.380 
-.307 



-a 077 
-.126 
-.210 
-.237 



0.767 
.617 
.351 
.240 



X=0. 7S 



0.233 
.383 
.649 
.760 



0.406 


0.341 


-0.004 


-0.120 


-a 148 


-a 154 


-0. 143 


-0. 113 


-0.083 


-0.059 


0.609 


0.423 


-0.027 


-0. 155 


-0. 177 


-a 181 


-0.174 


-0.141 


-a 107 


-0.077 


.353 


.333 


.236 


-.114 


-.218 


-.233 


-.222 


-.180 


-.134 


-.096 


.433 


.414 


.301 


-.158 


-.272 


-.283 


-.274 


-.229 


-.174 


-.126 


.102 


.188 


.164 


.125 


.008 


-.246 


-.305 


-.268 


-.204 


-. 149 


.236 


.230 


.208 


.169 


.027 


-.314 


-.301 


-.352 


-.276 


-.203 


.118 


.114 


.104 


.084 


.046 


-.021 


-.248 


-.273 


-.213 


-.155 


.160 


.147 


.133 


.112 


.074 


-.001 


-.327 


-.373 


-.298 


—.223 



a 767 
.017 
.351 
.240 



X=0.60 



0.233 
.383 
.649 
.740 



0.420 


0.340 


-0.008 


-a 124 


-0. 151 


-0. 153 


-0.141 


-0. Ill 


-a 083 


-a 059 


0.634 


0.430 


-0.038 


-0. 167 


-a 183 


-0.182 


-a 160 


-a 140 


-a 107 


-0.077 


.360 


.335 


.237 


-.123 


-.221 


-.230 


-.218 


-.176 


-. 134 


-.096 
-.146 


.447 


.424 


.297 


-. 170 


-.277 


-.281 


-.266 


-.224 


-. 171 


-.124 


.101 


.182 


.159 


.118 


.002 


-.240 


-.205 


-.258 


-.197 


.234 


.226 


.198 


.159 


.021 


-.308 


-.375 


-.332 


-.260 


-.192 


.118 


.112 


.100 


.078 


.043 


-.022 


-.240 


-.263 


-.200 


-.150 


.148 


.141 


.128 


.103 


.086 


-.004 


-.305 


-.352 


-.281 


-.207 



X~0.26 



0.233 
.383 
.649 
.760 



0.426 


0,342 
.338 


-a 016 


-a 138 


-a 164 


-a 151 


-0.133 


-0.108 


-a 079 


-0,058 


0.658 


a 446 


-a 061 


-0.188 


-a 191 


-0.183 


-a 161 


-a 129 


-0.100 


-0.075 


.381 


.222 


-.134 


-.225 


-.226 


-.206 


-.164 


-.124 


-.090 


.454 


.425 


.285 


-. 193 


-.285 


-.278 


-.247 


-.200 


-. 154 


-.113 


.186 


.175 


.149 
.092 


.108 


-.006 


-.231 


-.272 


-.234 


-. 179 


-.131 


.223 


.213 


.183 


.138 


.004 


-.286 
-.009 


-.336 


-.287 


-.228 


-.173 


.109 


.104 


.070 


.036 


-.023 


-.221 


-.237 


-.188 


-.139 


.133 


.128 


.112 


.089 


.062 


-.278 


-.300 


-.241 


-. 183 



a 767 
.817 
.361 
.240 



a 767 
.617 
.361 
.240 



Flaps at Up 



ES 

o 

I 
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TABLE m. — CALCULATION OF LIFT DISTRIBUTION 
FOR ILLUSTRATIVE EXAMPLE 

[A, 6; 0//6«, 0.383; S, 260.7 sq. ft-; b, 40 ft.; X, 0.626; Cl, 1.72; A«, 0.60; g, 67.6) 



TABLE IV.— CIRCULATION COEFFICIENTS 

IA, 6; \ 1.0; 6//0., 0.649] 



1 


2 


3 


4 


6 


6 


7 


8 


9 


Station 




L. 


Lt 


C >.l 


Cl . 




ei 


(lb.) 


0 

.18 
.30 
.46 
.60 
.70 
.80 
.00 
.06 
.976 


8.600 
8.022 
7.644 
7.066 
6.688 
6.269 
6.820 
4.826 
3.666 
2.636 


1.254 
1.233 
L179 
LllO 
L010 
.930 
.816 
.628 
.467 
.330 


0.366 
.834 
.232 
-.118 
-.220 
-.232 
-.220 
-.179 
-.134 
-.097 


0.984 
L025 
L043 
L047 
1.022 
.989 
.934 
.888 
.836 
.836 


L693 
L762 
1.794 
L801 
L768 
L700 
L607 
L492 
L436 
L435 


a 168 

.167 
.123 
-.067 
-.134 
-.148 
-.161 
-.148 
-.147 
-.147 


1.861 
L929 
L917 
1.734 
1.624 
L662 
1.456 
L344 
L288 
L288 


9L0 
89.0 
83.1 
70.5 
6L6 
56.0 
48.7 
37.3 
27.1 
19.6 



No flaps 


Maps at center 


Coeffi- 
cient 


4 har- 
monics 
retained 


6 har- 
monics 
retained 


10 har- 
monics 
retained 


Coeffi- 
cient 


4 har- 
monics 
retained 


6 har- 
monics 
retained 


10 har- 
monics 
retained 


At 
Ax 
Ax 
A, 
A, 
A tl 
Aa 
Aa 
Att 
Aa 


a 9280 
.1168 
.0251 
.0069 


a 9290 
.1160 
.0251 
.0072 
.0026 
.0011 


a 9290 
.1161 
.0261 
.0073 
.0026 
.0011 
.0006 
.0003 
.0002 
.0004 


At 
At 
A, 
Aj 
A, 
An 
Aa 
Aa 
Aa 
Aa 


a 6682 
-.1825 
-.0298 
.0588 


a 6684 
-.1826 
-.0301 
.0585 
.0017 
-.0236 


a 6682 
-.1826 
-.0300 
.0586 
.0019 
-.0231 
.0058 
.0163 
-.0033 



































TABLE V.— GEOMETRIC CHARACTERISTICS OF WING USED IN EXAMPLE 



1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


A 


Fraction of 
semispan 


e 

Meg.) 


sins 


(red.) 


a sin $ 


motor 
oo 


2i 
roe 


c, 
e 




20 


a 


90 


LOOOO 




LOOOO 


6.67 


L0 


LOOOO 


LOOOO 


19 


.0786 


86.6 


.9969 




.9969 


6.67 


L0 


L0400 


L0370 


18 


.1664 


81 


.9877 




.9877 


5.67 


L0 


L0848 


L0717 


17 


.2334 


76.6 


.9734 




.9724 


6.67 


to 


L1295 


L1030 


16 


.3090 


72 


.9511 




.9511 


6.67 


L0 


L1827 


L1252 


16 


.3827 


67.5 


.9239 




.9239 


6.67 


L0 


L2388 


L1446 


14 


.4640 


63 


.8910 




.8910 


6.67 


L0 


L2937 


L15S0 


13 


.6226 


68.5 


.8526 


0 


0 


5.67 


L0 


L3555 


L1560 


12 


.6878 


64 


.8090 


0 


0 


6.67 


L0 


L4162 


L1466 


11 


.8494 


49.6 


.7604 


0 


0 


6.67 


L0 


L4786 


L1245 


10 


.7071 


45 


.7071 


0 


0 


5.67 


1.0 


L6469 


L0939 


9 


.7604 


40.5 


.8494 


0 


0 


5.67 


LO 


L6100 


L0468 
.'9869 


8 


.8090 


38 


.5878 


0 


0 


6.67 


L0 


L6703 


7 


.8528 


8L6 


.5225 


0 


0 


6.87 


L0 


L7416 


.9100 


8 


.8910 


27 


.4540 


0 


0 


6.67 


LO 


L8319 


.8272 


5 


.9239 


22.6 


.3827 


0 


0 


5.67 


LO 


L9605 


.7600 


4 


.9611 


18 


.3090 


0 


0 


6.67 


LO 


2.2504 


.6963 


3 


.9724 


13.5 


.2334 


0 


0 


5.67 


LO 


2.8280 


.6600 


2 


.9877 


9 


.1684 


0 


0 


5.67 


LO 


4.0742 


.6372 


1 


.9969 


4.8 


.0785 


0 


0 


6.67 


LO 


7.9740 


.6280 


0 


LOOM) 


0 


0 


0 


0 


6.67 


LO 
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TABLE VI. — COMPUTATION OF ANGLE COEFFICIENTS, B n 

Hi Pi Pi Pi y» Pi 97 n Pi Pio Pu Pa Pa fa Pu m Pir Pit Pi» 

ooooooaoooooo oigio 0.9239 0.9511 0.9724 03877 0.8W9 

ri-0+0-0-0.9239+0.9724=0.0485 
ri=0+0-0-03910+0.9S77= 3967 
71=0+0-0-0 +0.99®- .9969 
r 4 =0-O+O.600O - .6000 





by 


bin 4.6=OJ07oa_ 


0 


0 




0.0763 


0 


0 


0 




0 


-0.0783 


ct.. ft ft iui 

bin y — u.1664. 


0 


— 0J394 




0 


0.1 MS 


0.1545 


0 




—0.1394 


0 


bin 13.5=0.2334_ 


0 


0 




0 


0 


0 


0 




0.2327 


.2370 


Sin 18 =03090. 


0 


0 




0 


0 


0 


0 




0 


0 


Sln 223-03827 


0 


-03536 


0.0186 


0 


0 


03536 


03536 


-03816 


0 


-3630 


Sin 27 -0.4540. 


0 


0 




-0.4484 


-.4045 


-.4045 


-0.4484 




0 


0 


Sin 313=0.6225. 


0 


0 




0 


-0.5081 


0 


.6209 




0 


0 


Sin 36 -03378. 


0 


-.5591 




.5591 


0 


0 


-.6591 




.6691 


0 


Sin 40.5 = 0.6494. 


0 


0 




0 


0 


-.6471 


0 




-.6316 


0 


Sin 45 -0.707L 


0 


0 


0JKS4 


0 


0 


0 


0 


0.0684 


0 


0 


Sin 493=0.7604. 


0 


-.7394 




0 


.7530 


0 


0 




0 


0 


Sin 64 =03090. 


0 


0 




0 


0 


0 


0 




0 


0 


Sin 6S.5-0.8526. 


0 


0 




-.8600 


0 


3291 


0 




0 


0 


Sin 63 =03910. 


.7939 


-.8800 




0 


0 


0 


0 




-3800 


0.7939 


Sin 673-03239. 


.8536 


0 


.9210 


.8538 


-3536 


0 


0 


.0448 


3636 


0 


Sin 72 -0.9511. 


.9046 


0 




0 


-.9046 


.9046 


0 




0 


-.0046 


Sin 78.5=0.9724. 


.9456 


—.9694 




0 


0 


0 


0 




0 


0 


Sin 81 -0.9877. 


.9756 


0 




.8800 


0 


0 


3800 




0 


.9766 


81n 85.5=0.9969_ 


.9938 


0 




0 


0 


0 


-.9694 




0 


0 


Sin 90 -1.0000. 


.5000 


-3000 


.5000 


-.5000 


.5000 


-.5000 


.6000 


-.6000 


.5000 


-.6000 


Snm col. 1 


2.7930 


-23624 


0.9396 


0.0799 


—0.6037 


03363 


-0.0949 


-03367 


0.4548 


-0.2049 


Sum coL 2 


3.1741 


-2.0786 


.6684 


.4907 


—.6546 


J546 


3726 


-.4316 


3387 


3649 


Col. l+co„ 2 


6.9671=10Bi 


-4J409=10Bi 


13080=10Bj 


0.6706=10Bj 


-1.25S3=10Bi 


03S99=10B U 


O_776=10Bii 


-0.76S3=10Bu 


0.4945=lOB,7 


0.1600-lOB,, 


Col. 1-col. 2 


-3Sll=10Bto 


-0161=10&7 


3712=10Bji 


-.4108-lOBn 


-0509-lOBn 


3807=10B» 


-.4674=10B_ 


-0949=10B_ 


.4161=10B» 


-3698-lQBn 



Check: 

Bi-a + Bj — Bi + Bt — Bu + Ba-Ba + Bu-Ba + Bn-Ba + Ba-Bv + Ba-Bu + Ba-Bu + Ba-Ba "Co. 
0.69674^.4141+0.1508-0.()5n-0.1258-0.0690+03278+0.07^ 



COMPUTATION OF PLAN-FORM COEFFICIENTS, d n 

0.6260 0.6372 0.6600 0.6953 0.7500 0.8272 0.9100 0.9869 1.0468 1.0039 

0.5000 1.0370 L0717 L1030 L12S2 L1445 L1630 L1560 1.1466 1.1245 

Sum a 6000 L6630 E708l> L7630 E&MS" L8946 1.9802 270860 2.1324 27l703 IT0939* 

Difference -.5000 -.4110 -.4345 -.4430 -.4299 -.3945 -.3258 -.2460 -.1580 -.0787 1.0639 

O5000 1.6630 1.7089 L7630 L8206 L8945 -6939 3.8333 3.8413 

10939 2.1703 2.1324 2.0660 1.0802 L8946 3.8007 3.8290 

8mn_ L6839 3.8333 3.8413 3.8290 3.8007 1.8945 3.4884 7.6340 7.6703 

Difference -.6939 —.6073 -.4236 -.3030 -.1697 -.3006 .0328 .0123 

20O> =L5339+3 3333+33413+33290+33007+13946=18.7927 

10C,o=1.4142<-0.4110+a4430+03945-OJmi-a0787)-Oi^f0.4299-0.1686--0.0847 
10C3)=— 0.5939+0-4235-0.1597= -a8301 

10C m r.i.4H2(oiuo-0.4430^03946+0^460+a0787)-03000+0.4299-OJ5SO=-03727 
20C«-13939 -33333+33413— 33290+33007-13945- -03209 



Multiply 


by 


Sin 9=00564. 


-a 0123 




-a 0693 




-a 0385 


-a 0643 










Bin 18-03090. 


-a 0490 


-0.0493 


0.1328 


0.1309 


0.1328 


-a 0490 


0.0038 


2.3589 


-a 0101 


2.3701 


Sin 27-0.4540. 


-.1117 




.0367 




-.1866 


.2011 










Sin 36-0 JS78. 


-.1916 


-a 1781 


-.2554 


-0.2982 


.2564 


.1915 










Bin 46=0.7071. 


-.2790 




.2790 




—.2790 


-.2790 










81n 54-03090. 


-.3478 


-.3426 


.1283 


.1292 


.1283 


-.3478 


.0264 


-6.2053 


-.0100 


-6.1769 


81n 63-03910. 


-.3947 




-.3662 




.0701 


.2192 










81n72-0.9511_ 


-.4133 


-.4826 


.3099 


.2882 


-.3099 


.4133 










Bin 81=0.9877. 


-.4059 




.2430 




.4376 


-.0777 










8In9O-l.O0O0L 


-.6000 


—.6939 


-.5000 


—.6939 


-.6000 


-.6000 


-.3006 


3.4884 


-.3006 


3.4884 


Snmcol.] 

Sumeol.2 

Col.l+co].2_ 
Col.l-col.2_ 


-1.6016 

-1.2036 
-2.7052-10 Oi 
-.2930=10 Cn 


-.9858 

-.6606 
-L 6464-10 Ct 
-.3262-10 Cx 


-.1844 

.1222 
-.0622=10 C 
-.3066-10 Cm 


—.3338 

-.0100 
-.3438=10 Ca 
—.3238=10 Cn 


-.2934 

.0036 
-.2898-10 C„ 
-.2970-10 Cm 


-.2920 

-.0007 
-.2927-10 Cu 
-.2913=10 Cu 


-.2704 
10 Ct 


-.3580 
10 Cu 


-.3207 
10 Cii 


-.3174 
10 Co 



Check: 0.8396-OJ27t)5-ai646-a0062-0.0270-a0085-0.0344-a(B9^ 
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fCj- d)A, 

\O t -C,)A, 

<Ci-Ci)A, 

Ci-OoMi 

Cta— Ca)Au 

Cn-Ci,)Au 

Ou~Ou)Au 

Cio-Ciij^ii.... 

Cn-Cm)An 

Z.. 



Z/2_ 

B.-2/2. 



Pi 



t(C,-C,)A, 

\lCt-Ct)Ai 

,{C t -Cu,)Ai 

Ct-Ca)At 

Ct~Cu)Au 

C,a-C,,)Au.... 
Cn-GtlAu.... 

Ou-Oa)An 

Cn-Ca)An.~. 
2.. 



^-z/m::"'."'. 

A (&-xp) 

Al p, - 



(C,-Ct)At 

\Ct-Ci)A, 

(Ci-Cu)Aj 

C,-q,)At. 

Cs-Cfit)An 

C«-CuMu 

C\tr- Cn)Au 

Cit-Cn}An 

Cn-Cu)A,t 



SIX- 

Bi-2/2. 

A,-®=&1 



(Ck-Ct)Ai.... 
(Ci-CloMj 

Ci-C,t)At 

C,-Cit)An.... 

Ct-Cu)Aii. 

Ci-CaMu 

C,e-Cu)An... 
Cu-Cu)A\)..- 
2.. 



Br-2flCIII""I 



(Ct-Cit)Ai 

lCi-Cu)A} 

iO,-Cii)At 

lCt-Cu)Aj 

(Ci— Cm) An 

(Oi— Gavin 

(Ct-CtdAii 

(Ct-Cti)An.— 



2/2_ 

Bt-2/2- 



-a 1069 
-. 1534 

.0208 
-.0186 

.0269 
-.0054 

.0068 
-.0066 

.0037 



.6967 
/1. 2667 



-0.1069 
-.2436 
-. 1661 
.0282 
.0020 
.0273 
-.0051 
.0040 
-.0067 



-.4141 
/l. 5186 



-0.1684 
-.2436 
-. 2361 
-.1360 
.0296 
.0023 
.0246 
-.0053 
.0031 



.1608 
/L9036 



0.0280 
-. 1661 
-.2301 
-.2347 
-.1363 
.0268 
.0021 
.0236 
-.0017 



.0571 
A2977 



-0.0186 
.0282 
-.1356 
-.2347 
-.2376 
-. 1366 
.0269 
.0027 
.0239 



-.1258 
/2.6S17 



3(8) 



0.4711 



a 4711 
-.2663 



a 4711 

-.2663 
.0824 



a 4711 

-.2663 
.0324 
.0182 



3(b) 



-a 2563 
.0824 
.0182 

-.0411 
.0190 
.0092 

-.0201 
.0117 
.0032 



0.4650 
.0824 
.0182 

-.0411 
.0190 
.0092 

-.0201 
.0117 
.0032 



0.4650 
-.2487 
.0182 
-.0411 
.0190 
.0092 
-.0201 
.0117 
.0032 



0.4650 
-.2487 
.0823 
-.0411 
.0190 
.0092 
-.0201 
.0117 
.0032 



0.4650 
-.2487 
.0823 
.0169 
.0190 
.0092 
-.0201 
.0117 
.0032 



3(o) 



-a 2487 
.0823 
.0169 

-.0400 
.0189 
.0087 

-.0197 
.0118 
.0032 



0.4653 
.0823 
.0169 

-.0400 
.0189 
.0087 

-.0197 
.0118 
.0032 



a 4663 
-.2488 
.0169 
-.0400 
.0189 
.0087 
-.0197 
.0118 
.0032 



a 4653 
-.2488 
.0823 
-.0400 
.0189 
.0087 
-.0197 
.0118 
.0032 



a 4653 
-.2488 
.0823 
.0169 
.0189 
.0087 
-.0197 
.0118 
.0032 



4(B) 



0 
0 

.6967 
.4711 



-0.0199 



-.0499 
-. 0249 
-.3892 

-.2563 



■0.0746 
.0624 



-.0122 
-.0081 
.1669 

.0824 



0.0O98 
.0400 
-.0196 



.0303 
.0162 
.0419 

.0182 



-a 0087 
-.0072 
-.0112 
-.0043 



-.0314 
-.0167 
-. 1101 

-.0411 



4(b) 



0.0271 
-.0131 
.0004 
.0008 
.0005 

0 

-.0001 
-.0001 
0 

.0166 
.0077 
.6890 

.4660 



-a 0492 
-.0201 
-.0028 
-.0012 
0 

.0002 
.0001 
.0001 

0 

-.0780 
-.0366 
-.3776 

-.2487 



-0.0736 
.0606 

-.0043 
.0066 
.0006 

0 

-.0006 
-.0001 
0 

-.0117 
-.0069 
.1567 

.0823 



0- 



0.0097 
.0388 

-.0194 
.0096 

-.0026 
.0002 

0 

.0003, 

0 

.0366 
.0183 
.0388 



-a 0086 
-.0070 
-.0112 
-.0040 
-.0045 
-.0012 
-.0005 
0 

.0001 
-.0369 
-.0184 
-.1074 



4(0 



a 02631 
—.0130^ 
.0004) 
.0007 
.0006 

0 

-.0001 
-.0001 
0 

.01471 
.0073 
.6894 

.4663 



-0.04931 
-.0200^ 
-.00261 
-.0011 
0 

.0002 
.0001 
.0001 

0 

-.0728 
-.0363 
-.3778 

-.2488 



.0737 
.0606 
-.0041 
.0054 
.0006 
0 

-.0005 
-.0001 
0 

-.0118 
-.0059 
.1667 

.0823. 



-0.0086 
-.0070 
-.0112 
-.0040 
-.0046 
-.0012 
-.0005 
0 

.0001 
-.0369 
-.0184 
-. 1074 



0400 -.0100 




fOj-CiiMi 
Oit-OuiAt.... 
Ct-C,SAu-.. 
C t -Cn)Ai 
C-Cn)A t 
Ct-CSiAn.... 
Cr-CidA,i.._ 
a-CitMir-... 



2/2 

Bu-2/2 

(Bu-Z/2) 



An= 



~T^~~ 



(Cu-C^A:.. 
(Cb-C*)Ai.. 
<C,tr-Cx)Ai-. 
(Ct-Ci)A7-. 

(Ci-Ch)A, 

(C,-Cn)A„.. 
(CrQa)An-. 
(Ch-Ca)A».. 
(C,-CX>A,,._ 



2/2 

Bu-2/2_ 



iCu-C,iiAi. 
Ch— CiolAi 
Cn-Cn)A,...- 
C s -Cx}A, 
Ci-Cn)A„____ 
Ct-Ci)Au.._. 
0-Cn>Au„.. 
Ct-a&An.... 



2/2 

3>1-1 



h- — - 



(Cit-CtyAi 

{Cit-CXjAi 

ta ( -CMiii 

lCa-C»)Ai 

(Cn-Cn>A% 

(Ct-Ca)A n 

(Ct-CdAa 

(Ci-Cu)Au 

(Ct-Cx)An 



2/2_- 
Ba—X, 



An- 



zn 

(B,t-2 



2/3) 



/3.0654 



-a 0064 
.0273 
.0023 
.0268 
-.1365 
-.2384 
-. i381 
-.1273. 
.0265 



.0278 — 
/3.4496.. 



a 0068 
-.0061 
.0246 
.0021 
.0269 
-.1349 
-.2381 
-.2388 
-. 1339 



-.0768 
/3.8S73 



-a 0066 
.0040 
-.0063 
.0236 
.0027 
.0262 
-.1278 
-.2388 
-.2380 



.0494 
/4.2180 



0.0037 
-.0067 
.0031 
-. 0047 
.0239 
.0103 
.0266 
-.1839 
-.2380 



.0160 
/4.6014 



3(a) 



a 4m 

-.2663 
.0824 
.0182 

-.0411 
.0190 



a 4711 
-.2663 
.0824 
.0182 
-.0411 
.0190 
.0092 



0 4711 

-.2563 
.0824 
.0182 

-.0411 
.0190 
.0092 

-.0201 



0.4711 
-.2663 
.0824 
.0182 
-.0411 
.0190 
.0092 
-.0201 
.0117 



3(b) 



0.4660 
-.2487 
.0823 
.0169 
-.0400 
.0189 
-.0201 
.0117 
.0032 



a 4660 
-.2487 
.0823 
.0169 
-.0400 
.0189 
.0087 
.0117 
.0032 



a 4650 
-.2487 
.0823 
.0169 
-.0400 
.0189 
.0087 
-. 0197 
.0032 



0.4660 
-.2487 
.0823 
.0166 
-.0400 
.0189 
.0087 
-.0197 
.0118 



3(0) 



a 4653 
-.2488 
.0823 
.0169 
-.0400 
.0189 
-.0197 
.0118 
.0032 



a 4653 
-.2488 
.0823 
.0169 
-.0400 
.0189 
.0087 
.0118 
.0032 



a 4653 
-.2488 
.0823 
.0169 
-.0400 
.0189 
.0087 
-.0197 
.0032 



a 4663 
-.2488 
.0823 
.0169 
-.0400 
.0189 
.0087 
-.0197 
.0118 



4(a) 



a 0122 
-.0006 
.0024 
-.0026 



.0214 
.0107 
.0683 

.0190 



-a 0026 
-.0070 
.0002 
.0006 
.0066 
-.0046 



-.0077 
-.0039 
.0317 



.0092 



0.0032 
.0013 
.0020 

0 

-. 0011 
-.0026 
—.0022 



.0006 
.0003 
—.0771 

-.0201 



-a 0031 
-.0010 
-.0004 

.0004 
-.0001 

.0006 
— . 0012 

.0018 



-.0001 
0 

.0494 
.0117 



a 0017 
.0017 
.0003 
-.0001 
-.0010 
.0002 
.0002 
.0027 
-.0028 
.0029 
.0016 
.0145 



4(b) 



a 0120 

-.0006 
.0024 

-.0023 
.0096 

-.0022 
.0027 
.0003 

0 

.0219 
.0110 
.0680 

.0189 



-a 0026 
-.0063 
.0002 
.0004 
.0064 
-.0046 
.0048 
-.0015 
.0001 
-.0044 
-.0022 
.0300 

.0037 



a 0032 
.0013 
.0020 

0 

—.0010 
-.0026 
-.0021 
-.0028 
-.0004 
-.0024 
-.0012 
-.0766 

-.0197 



-a 

-.0010 
-.0004 

.0001 
-.0001 

.0006 
-.0011 

.0047 
-.0008 
-.0008 
-.0004 

.0498 

.0118 



a 0017 
.0017 
.0003 
—.0001 
—.0010 
.0002 
.0002 
.0026 
-.0028 
.0028 
.0014 
.0146 



0032 .0032 .0032 



4(0) 



a 0120 

-.0006 
.0024 

-.0023 
.0095 

-.0021 
.0027 
.0003 

0 

.0220 
.0110 
.0680 

.0189 



-0.0025 
-.0068 
.0002 
.0004 
.0054 
-.0046 
.0047 
-.0015 
.0001 
-.0046 
-.0022 
.0300 

.0037 



a 0032 
.0013 
.0020 

0 

-.0010 
-.0026 
-.0021 
-.0028 
-.0004 
-.0024 
-.0012 
-.0768 

-.0197 



0030 -a 



0030 
-.0010 
-.0004 
.0004 
-.0001 
.0005 
-.0011 
.0047 

-.ooos 
-.ooos 

-.0001 
.0493 

.0118 



a 0017 

.0017 
.0003 
-.0001 
-.0010 
.0002 
.0002 
.0026 
-.0028 
.0028 
.0014 
.0146 
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9. degrees 



fSin 9 

Sin 39 , 

Sin 65 

Sin 79 

Sin 99 : 

Sin 119 

Sin 139 

Sin 169 

Sin 179 

Sin 189 



20 



90 



L00OO 
-LOOOO 

L0CO0 
-LOOOO 

1.0000 
-LOOOO 

LOOOO 
-1.0000 

LOOOO 
-LOOOO 



IS 



81 



0.9S77 
-.8910 

.7071 
— .4£40 

.1564 

.1564 
-.46*0 

.7071 
-.8010 

.9377 



72 



0.9511 

-.6878 
0 

.5878 
-.9611 
.9611 
-.6878 
0 

.6878 
-.9511 



U 



63 



0.S910 
-.1664 
-.7071 

.9877 
—.4640 
—.4640 

.9877 
-.7071 
-. 1564 

.8910 



64 



0.S090 
.3090 
-LOOOO 
.3090 
.8090 
-.8090 
-.3000 
LOOOO 
-.3090 
-.8090 



10 



45 



0. 7071 
.7071 
-.7071 
-.7071 
.7071 
.7071 
-.7071 
-.7071 
.7071 
.7071 



33 



0.5878 
.9611 
0 

-.9511 
-.6878 
.6878 
.9511 
0 

-.9511 
-.6878 



27 



a 4640 
.9877 
.7071 
-.1604 
-.8910 
-.8910 
-. 1664 
.7071 
.9377 
.4640 



18 



0 3090 
.8090 
LOOOO 
.8090 
.3090 
-.3090 
-.8090 
—LOOOO 
-.8090 
-.3090 



(Airin9 

\AidD33 

1^4 sin 69 

WTStn79 

At sin 06 

Au sin 119 

Aa sin 139 

/4 u sinl69 

..ltjsin 179 

-4n sin 199 . 

ISA. sin n9 

\m*Jc 

Ici-JiwJcXZO 



.4863 
.2488 
.0823 
-.0109 
-.0400 
-.0189 
.0087 
.0197 
.0118 
-.0032 
.7576 
5.670 
4.296 



.4596 
.2217 
.0382 
-.0077 
-.0063 
.0030 
- 0039 
-.0139 
-.0105 
.0031 
.7033 
8.162 
4.327 



.4425 
.1492 
0 

.0099 
.0381 
.0180 
-.0051 



-.0030 
.6636 
6.708 
4.384 



.4146 
.0389 

—.0582 
.0167 
.0182 

-00S6 
.0086 
.0139 

-.0018 
.0028 
.4461 
7.337 
3.266 



.3764 
-.0769 
-.0823 

.0062 
-.0324 
—.0163 
-.0027 
-.0197 
-.0037 
-.0026 

.1460 
8.029 
L172 



.3290 
-.1769 
-.0582 
-.0120 
-.0283 
.0134 
-.0061 
.0139 
.0084 
.0022 
.0884 
8.772 
.7679 



.2736 
-.2366 
0 

-.0161 
.0235 
.0111 
.0083 
0 

-.0113 
-.0019 

.0506 
9.620 

.4817 



.2112 
-.2457 

.0582 
-.0026 

.0357 
-.0168 
-.0014 
-.0139 

.0117 

.0014 

.0378 
10.331 

.3905 



.1438 
-.2013 

.0823 

.0137 
-. 0124 
-.0068 
-.0070 

.0197 
-.0096 
-.0010 

.0224 
13.780 

.2858 



{AxttaB 
3/4jsln39 
Mi sin 69 
7.47 sin 79 

9/1. sin 99 

lL4 u sinll9_ 



llrloslnl39_ 
15^1uslnl69.. 

17.An sin 179 

,iaAusInl99 

2tLd» sin h9 

mrfJ4iX20/rin9_ 



.4653 
.7463 
.4115 
-.1184 
-.3601 
-.2078 
.1130 
.2957 
.2009 
—.0602 
L4859 
.2852 

L2252 



.4596 
.6650 
.2910 
-.0533 
-.0564 
.0325 
-.0513 
-.2091 
-.1790 
.0595 
.9580 
.1839 

.7967 



.4425 
.4387 



.3423 
.1976 
-.0664 
0 

.1181 
-.0573 
L4858 
.2861 

1.2499 



.4146 
.1167 

-.2910 
.1170 
.1636 

-.0943 
.1116 
.2091 

-.0314 
.0537 
.7696 
.1477 

.4824 



.3784 
—.2308 
-.4115 

.0366 
-.29lff 
-.1681 
-.0349 
-.2957 
-.0621 
-.0487 
-1.1302 
-.2169 

-.2542 



-.5277 
-.2910 
-.0837 
-.2549 
.1469 
—.0799 
.2091 
.1421 
.0426 
-.3676 
—.0705 

-.0531 



.2735 
-.7098 
0 

-.1126 
.2119 
.1221 
.1074 
0 

-.1911 
-.0354 
-.3340 
-.0641 

-.0309 



.2112 
—.7371 

.2910 
-.0186 

.3212 
-.1851 
-.0177 
-.2091 

.1985 

.0273 
-.1183 
—.0227 

-.0089 



.1433 
-.6038 

.4116 

.0968 
-.1114 
-.0343 
-.0914 

.2957 
-.1626 
-.0188 
-.1052 
—.0203 

-.0058 



